The aim of this paper is to review the articles corresponding to the potentiality of biodiesel generation in Bangladesh. Many researchers gave their opinions and results related to their experiments for producing bio-fuel in Bangladesh. The potentiality of biofuel from different edible sources like mustard oil, coconut oil, sesame oil, mosna oil, soybean oil etc. and different non-edible sources like castor oil, rice bran oil, Jatropha curcas oil, karanja oil, microalgae oil, rubber seed oil, neem oil, linseed oil etc. are studied here. The properties and the uses of biofuels in diesel engine and their performances are also reviewed in this paper. The emission characteristics are reviewed and investigated too. Moreover, the cost analysis of biofuel compared to the other fuels is inspected here. All types of research related to biofuel are thoroughly reviewed. The main and important challenges to use biofuel and their solutions are given by authors in this research article. This paper presents the scopes of applying technologies to improve the sustainability of bio-fuel in respect of Bangladesh.
Introduction
Being a developing country, Bangladesh is mostly dependent on fossil fuel. This rate of dependency is increasing rapidly and it is high time to be conscious about the reserves. As the fossil fuels like coal and natural gas are non-renewable, the depletion of this kind of energy sources is a must. Not only the high depletion rate but also the combustion products of fossil fuels are also a matter of concern as the world is already facing global warming as one of its consequences [1] . While talking about alternative energy sources, it is to be mentioned that many countries like US, Brazil, France, and Argentina are already being dependent on biofuel and the sources of biofuel are renewable. Hence it has the potentiality to replace fossil fuel. Among different biofuels, biodiesel has a huge prospect to be a green sustainable source of energy as many edible and nonedible sources of biodiesel are available in Bangladesh. The frequently used biofuel is Ethanol as well as Biodiesel. Biodiesel is generated in numerous states as a substitute for diesel fuel [2] . Figure 1 demonstrates the earth's largest biodiesel generating nations rendering to their generation capacity in 2015. Table 1 shows the biodiesel potential of different countries in the world. Geographical positions and climate have influenced many countries to depend on different sources that produce biodiesel. Vegetable oil is the most popular feedstock for biodiesel in many countries like US, Malaysia, Indonesia who depend on soybean, rapeseed, sunflower and palm oil [4] [5] [6] [7] [8] . At present, plant oils are being utilized as noticeable sources of feedstocks for biodiesel in different countries. For instance, rapeseed and sunflower oils in Europe, soybean oil in the US, palm oil in Southeast, and coconut oil in the Philippines are noteworthy [4] . In Bangladesh, about 350 oil-bearing crops can be found which have the potentialities to be alternative feedstocks [5] [6] . Considering the edibility of these sources, the chance of competition between food and fuel is surely not expected. Castor, Karanja, Pithraj, Mahua, Jatropha, Neem seed, Rubber seed etc. have huge prospects to be sustainable sources of energy and not competing with food [7] .
The edible and non-edible are two types of vegetable oil that are used as potential raw materials to produce biodiesel shown in Table 2 . Usages of edible oil as a raw material of biodiesel are a great concern because it is also used as a food material. On the other hand, there are plenty of non-edible oils which have no negative impact on food materials. Apart from, this raw material like micro algae, animal fats, tallow oil, fish oil etc. which are used to produce biodiesel are called third-generation biofuel materials. Table 1 . Biodiesel potential of different countries [4] [5] . Country Bio-diesel potential (Million liters) Malaysia 14,540
Sustainable Bio-Fuel from Non-Edible Sources
In Bangladesh, the production of these non-edible sources of biodiesel is less in amount compared to the other developed countries. These sources do not create conflict with food which is the most important advantage. Castor oil, rice bran oil, Jatropha curcas oil, karanja oil, cottonseed oil, micro-algae oil, rubber seed oil, neem oil and linseed oil are used as non-edible sources of biodiesel in Bangladesh. A brief description of the characteristics and potentialities of these biofuel sources are shown in Figure 4 . Table 3 demonstrates the potentialities of different biofuel sources. Rice bran oil production capacity is comparatively higher than the other sources. On the other hand, Jatropha curca soil production capacity is low. The fertile land of Bangladesh is suitable to produce the sources contained in Table 3 . Figure 5 demonstrates the availability of raw materials and estimated biodiesel production from RBO. The maximum biodiesel generation capacity is 0.9 wt% [34] . If the total produced rice bran is used to generate biodiesel, the amount of biodiesel production is 1 million metric ton which is half of the annual diesel demand. The biodiesel generation from RBO not only mitigates the diesel demand but also ensures an ecological environment. Furthermore, the RBO biodiesel supports the economy and protects the development of the entire financial situation. Karanja is another non-edible potential bio-fuel source. Table 4 shows the potentialities of different portions of Karanja seeds with their quantities and other characteristics such as calorific value, energy content etc. The products of Karanja seed are fuel wood, bio-oil, glycerin, seed cake and pond shell can be used as the raw materials of biofuel production. Among the following Karanja products stated at Table 4 , the potentiality of pond shell, seed cake and fuel wood are higher than the other products. On the other hand, glycerin is produced in small amount from Karanja seed and biofuel production capacity is lower.
Biofuel from Biomass Resources
Definitely, biomass is a prospective source of energy in Bangladesh. At present, Bangladesh is the seventh greatest congested state in earth and biomass offers 73% of the entire energy [35] . In Bangladesh, most of the biomass resources are obtained from rural areas like wood, cow dung, and different types of agricultural waste products which are generally used in cooking purpose in countryside areas. Nowadays, different countries all over the world are trying to use biomass resources for producing renewable energy like biodiesel. If the entire biomass resources can be properly utilized, 50 exajoule renewable energy may be produced per annum [36] . The production of energy from biomass suggests a numeral benefit not only the price of biomass remainders is low but also the energy translation effectiveness is extraordinarily compared with other fossil fuel based production methods [37] . Generally, energy is harnessed from biomass resources as biofuel.
It is projected that the entire annual production and recoverable quantity of biomass in Bangladeshis approximately 182.22 and 108.208 million tons/annum correspondingly. Within the entire biomass production, the amount of farming waste is 66.64%, animal waste and poultry excrete is 17.53%, municipal solid waste is 7.64%, and forest residue is 8.19%. The entire amount of energy Journal of Sustainable Bioenergy Systems [38] .
Biofuel from Solid Wastes
Household left over is one of the main sources of biofuel generation. Household left over is a large source of solid waste, which is approximately 1718 tons/day of a proportion of 49.08% of total solid waste generation [39] . These comprise online seed coat, paper, broken plastic and festal, vegetable peelings, soil and dust, grasses, animal fasces, pieces of clothes, used shoes, soots, small bottles, used car parts, etc. Investigation is going on nowadays to generate biofuel from discarded water as well as gasification of tannery leftover [39] .
Physical and Chemical Properties of Biodiesel
Physical as well as chemical characteristics of the produced biodiesel containing kinematic viscosity, cetane number, cloud point, flash point, heating value, and pour point are offered in Table 5 . Engine effectiveness as well as emision considerably depend on the dissimilar biodiesel characteristics, biochemical and fatty acid configuration [40] - [61] . The assessment of these characteristics with conventional diesel exhibited that FFA content, kinematic viscosity, and density values of the biodiesel is comparatively greater than conventional diesel. The flash point of biodiesel remained 178˚C, which is an extraordinary value that has the advantage of greater security than conventional diesel for transportation prospects. In addition to that, the biodiesel's cloud point and pour point, remained significantly greater than conventional diesel. Therefore, the biodiesel is less appropriate to be utilized in winter. The heating value of biodiesel was found to be 36.25 MJ/kg which is lesser than the diesel standard because of the presence of oxygen in biodiesel [41] . The cetane number of biodiesel is 53.7 which is not only greater than conventional diesel fuels but also indicates small ignition delay. Some characteristics like kinematic viscosity, FFA content, and density of the generated biodiesel did not encounter the suitable standard limit. Furthermore, high viscosity can lead to the creation of dust as well as engine deposits because of inadequate fuel atomization [42] . To overcome this difficulty, biodiesel was mixed with diesel at dissimilar volumetric percentage and the kinematic viscosity of the mixed biodiesel was inspected. It is found that the combination of 70% biodiesel, and 30% diesel by volume, entitled B70 that matches with the physical characteristics of biodiesel standard [7] .
Biofuel Emission Characteristics
Nabi and Nazmul Hoque [58] , analyzed the production of biodiesel from linseed oil and the corresponding engine performance. They found that the engine thermal efficiency was similar to the conventional diesel fuel but with 1% to 2% lower performance due to higher viscosity, low volatility, and high density of the biodiesel. Roy [13] [59] examined the prospects of biodiesel in DI diesel engine and found that the exhaust emission was lower in case of B100. It (B100) also reduced the emission of CO and particulate materials, but B20 increased the NO x emission slightly. Roy revealed that for B20, the brake thermal efficiency was almost similar or slightly lesser in no-load or low-load situations and without Exhaust Gas Recirculation (EGR) system CO emission was higher whereas NO x emission was lower. They recommended that B20 with 10% EGR, results in better performance for a diesel engine and reduces NO X greatly [13] . Table 6 shows the emission characteristics for different biofuel.
Engine Performance and Emission Analysis
Nowadays, global heating is one of the main reasons of anxiety because of the significant use of fossil fuels. The utilization of plant oil ester which stands biodiesel in CI engine demonstrates the favorable engine performance analogous to diesel fuel [13] . In addition to that biodiesel is fundamentally sulfur-free and emits substantially fewer hydrocarbons and particulates with a lesser amount of carbon monoxide than general diesel fuel [62] - [78] . On the other hand, NOx emission from biodiesel is to some extent greater than diesel in CI engines [79] . Numerous investigators have examined the performance as well as emission features of biodiesel in CI engine as a standby in lieu of diesel fuel. The decrease in the power of CI engine owing to the lower calorific value of biodiesel [80] - [113] . Several other investigators found no considerable difference amongst diesel as well as biodiesel performance in CI engine [80] . On the other hand, surprising power rise owing to the usage of uncontaminated biodiesel [81] [82] . Karanja methyl ester (KOME) B100 decreases the brake thermal efficiency of CI engine [83] [84] . Karanja oil decreases the consequence of CO 2 emissions by approximately 75% as it engages approximately 30 tons of CO 2 per hectare perannum [25] .
Environmental Consideration
The renewable energy is one of the main perspectives to deliver energy demand in our country which has nearly zero emissions and lower production of greenhouse gases [85] . Most of the developed countries like China, USA, and EU produce a large amount of CO 2 which may have a great impact on underdeveloped countries like Bangladesh [27] . Use of biofuels in motorized cars decreases Journal of Sustainable Bioenergy Systems - [72] Neem oil -- [73] Pongamiapinnata - [74] Cottonseed oil -- [75] Fish oil - [76] Jojoba oil -- [54] Rice bran oil - [77] GHG productions. A complete investigation designates that biofuels release lesser CO 2 than conventional fuels [86] . Utilization of biodiesel in a traditional diesel engine substantially decreases emissions of carbon monoxide, unburned hydrocarbons, polycyclic aromatic hydrocarbons, sulfates, particulate matter, and nitrated polycyclic aromatic hydrocarbons. The maximum decrease of emissions is seen with B100. Researchers believe that CO 2 is one of the main greenhouse gases that contribute to worldwide warming. Pure biodiesel diminishes CO 2 productions by 75% than that of petroleum diesel. Utilization of a mixture of 20% biodiesel diminishes CO 2 productions by 15% [87] .
Greenhouse Gas Reductions
The main component of greenhouse gas is CO 2 and biofuel reduces the life cycle of CO 2 gas production more than any other fossil fuel. According to a new study [88] , biofuel utilization reduces the generation of greenhouse gas by 17 to 420 times in countries like the United States and other highest greenhouse gas production countries. Mainly by reducing CO 2 gas emission, biofuel reduces the influence of greenhouse gas on the atmosphere. By rising the proportion of O 2 in the atmosphere, biodiesel becomes more eco-friendly than the conventional diesel [89] . Practically, biodiesel comprises small amount of sulfur, that's why the SO 2 emission is lower than the conventional diesel fuel. Since biodiesel is used as the renewable energy source in diesel engine, it reduces the consumption of diesel and ultimately decreases the greenhouse gas emission [86] .
Pollution
Biodiesel consists of low sulfur content and also, decreases the particulate emission. The main exhaust emissions like ignition product, HC, soot, CO 2 , CO and other substances which are liable for the contamination of environment are decreased by using biofuel. About 50% of particulate material production is decreased while utilizing biofuel in lieu of fossil fuel. Biodiesel is released as zero carbon content since maximum CO 2 produced in the period of consumption is utilized the development of oil products. Consequently, the ignition of biofuel has been found to release fewer contaminants in the atmosphere than diesel [18] .
Biofuel Price Compared to Other Fuels
Since, biodiesel production in Bangladesh is not commercialized yet, its cost is high compared to the petroleum based diesel which is shown in Table 7 . The prices of different raw materials, substances, process machinery, as well as plant [90] which are used in biodiesel production is also higher. But, the price of raw materials has the most significant impact on biodiesel price which varies depending on some factors, like geographical condition, unpredictability in crop production from one season to another season etc. [91] . Several investigations [92] stated that the biodiesel price will decrease depending on exclusive feedstock from area to area, assessed process price, and also reprocessing technology of methanol, market effectiveness and trans-esterification procedure [93] . Journal of Sustainable Bioenergy Systems The price of biodiesel produced by the trans-esterification process in Bangladesh varies from 124 BDT/L to 1845 BDT/L (1.53 USD/L to 22.83 USD/L). On the other hand, the price of pure diesel varies from 55 BDT/L to 70 BDT/L (0.68 USD/L to 0.87 USD/L). But, the price of biodiesel can be reduced by utilizing the mixture of biodiesel and pure diesel. The biodiesel generation price of different countries is shown in Table 8 . Comparing Table 7 with Table 8 , it can be said that the price of biodiesel production in Bangladesh is equivalent to the other countries in the world. The price of pure diesel is lower in Bangladesh because of the subsidy given. Hence, a comparison between the generation price of diesel and the global market is essential in lieu of the viability investigation [21] . In case of low generation, biodiesel production cost per liter is high. But oil cake, glycerin, and soap are produced as by-product during biodiesel production which reduces the overall cost. The effective methods of extracting biodiesel from plant reduce the use of chemicals in the process and ultimately reduces the generation cost. These are the reasons behind the availability of biodiesel in the market.
Typical Cost Calculation for Biodiesel Production in Bangladesh
Generally, 1 liter of rice bran oil (RBO) produces 0.728 liter biodiesel. The 0.728 liter biodiesel generation cost is 4.27 USD. So, 1 liter biodiesel generation cost is 5.87 USD. The price of total by-product generated during 1 liter biodiesel generation is 0.98 USD. So, the net price of 1 liter biodiesel generation is (5.87 − 0.98) = 4.87 USD [23].
Application of Biofuel on Diesel Engines
Use of biodiesel in the diesel engine gives better performance and reduces the greenhouse gas production. Industrial development, and the increasing number Journal of Sustainable Bioenergy Systems of vehicles increase the application of petroleum based fuels [96] . Consumption of biofuel in the compression ignition engine was investigated by two researchers named Ejaz and Younis [97] . The writer stated the result of investigation and research of different researchers about utilization of biodiesel and the performance of diesel engine. There are many difficulties that are caused due to the use of biodiesel in a diesel engine like injector coking and piston ring penetrating. Besides, reduction of brake power and an increase of fuel consumption also take place [97] .
Performance of Biodiesel
Demirbas stated that different performance parameters like brake thermal efficiency, torque, power output are affected by the utilization of biofuel [98] . The excess oxygen increases combustion efficiency, but at the same time, also increases the quantity of fuel consumption which reduces the thermal efficiency. When Jatropha oil blending is used, the brake thermal efficiency rises. The use of sunflower and rapeseed oil in adiesel engine was investigated by Bettis et al. [99] .
They revealed that the engine power produced by biodiesel is almost similar to the conventional diesel, but long difficulties are introduced by the production of carbonaceous materials. Kapilan et al. [100] indicated that the power output varies on load condition and engine speed. They revealed that the use of biodiesel in diesel engine increases the fuel consumption but slightly reduces the brake power. On the other hand, the lubrication property of biofuel is better than conventional diesel which increases the engine life. Likewise, the exhaust emission of the engine is lower in case of biodiesel due to excess oxygen in biodiesel. Since biodiesel does not produce SO x , and CO 2 production is also low, the utilization of biodiesel is eco-friendly. Generally, the highest power output is obtained from 17.5% blends of biodiesel in spite of its lower heating value. On the contrary, while using 20% palm-oil biodiesel blend, the thermal efficiency is slightly decreased which is shown by Lin et al. [101] . The writer indicates that the energy consumption is also increased slightly. Kaplan et al. [102] exposed that the power fluctuates between 5% and 10% blends at full load condition. The damage of power varies between 5% at low speed and 10% at high speed [103] . Engine efficiency with mustard biodiesel does not diverge considerably from the efficiency with diesel fuel excluding in small loading situations [104] . Table 9 shows the engine performance for different biofuels.
Challenges
Although there is huge potentiality of biofuel sources in Bangladesh, there are some difficulties linked with the introduction of plant oils directly in normal diesel engine. The difficulties are caused due to the category and grade of oil as well as the indigenous weather conditions. Challenge 1: Knowledge of biofuel would be effective and beneficial for civilization if there is satisfactory access of biomass feedstock in a method that would also help to be aware of the ecological influences in addition to "food vs. fuel" problems [125] . In additional descriptions, [85] [126] the encounters of sustainable accessibility of feedstock in place of biofuel generation were also introduced; where writers were predominantly motivated by the food vs. fuel discussion. The necessity of food and water will constantly keep on rising with the world's increasing inhabitants. It is one of the significances that food values have been amplified intensely through the world. Formerly, there was no important relationship between biofuel and food values; on the other hand, as the food crops founded biofuel generation rises, this relationship has reinforced.
Challenge 2: There are definitely more obstacles to the sustainable growth of remaining biofuel knowledge. The biomass derived oils not only have little energy concentration but also the cost is also high [127] . The necessary input for the generation of biofuel is mostly liable for the reduced costs of these biomass derived fuels, and hence, is detected as one of the main restrictions of their sustainable growth [127] [128] . In addition, enhancing biodiesel generation by increasing oil yields while considering the superiority as well a sobtainability of water could put an important strain on water capitals in several portions of the Journal of Sustainable Bioenergy Systems = Not much difference; AC = air cooled, WC = water cooled, NA = natural aspirates, DI = direct injection, TC = turbocharged, PM = particulate matter, RP = rated power, CR = compression ratio. world, particularly in emerging nations [129] . Since the generation of biodiesel is very water demanding, farming transfers to rise biodiesel yields could alteration the obtainability of uncontaminated water as well as significantly raise pressure on water capitals in those parts. Consequently, those parts will face severe challenges to encounter the expected rise in the need for a food crop, let only with stand any additional development encouraged by increasing biodiesel generation [130] [131] .
Challenge 3: For determining the long-term effect of biodiesel, several investigators analyzed different fuel properties like amount of fatty acid in methyl esters which is very important to determine correctly for engine compatibility. For containing different types of acid i.e. acid value, methanol content, oxidation stability, ester content, and water content damages different engine parts like rubber swell, fuel line parts, metal corrosion etc. On the other hand, pump failure, engine shut down for discontinuity of fuel supply, filter plugging etc. are occurred due to polyunsaturated fatty acid methyl ester, triglyceride, mono-glyceride, di-glyceride, glycerin, water, solid foreign materials etc. Moreover, the starting of engine is difficult when the engine temperature is low because of the triglyceride and metal content. Lastly, deterioration treatment system is occurred by metals, and phosphorus contents of biodiesel. These are the estimated troubles which are caused by biofuels in the diesel engine [132] .
Challenge 4: Though the influences of biodiesel on atmosphere extensively differ, it may not essentially be optimistic. Subsequently, we have to discover a method to introduce the consumable biodiesel. A valuable tool for introducing GHG equilibrium is the Life Cycle Assessment (LCA), which has been useful to different biofuels, by changing consequences. LCA of GHG balance is difficult, planting as well as gathering of yields counting fertilizer and insecticide usage, irrigation technology, in addition to soil management; treating the feedstock keen on biodiesel; transferring the feedstock as well as final fuel; storage, allocating, and transaction biodiesel can all have a substantial inspiration on the consequences [133] [134] . Basically, the uses of fertilizer and pesticides for proper plantation of biodiesel crops increase environmental pollution which is a great challenge for the upcoming world.
Challenge 5: On top of the above-mentioned difficulties, the growth of biodiesel generating industries may directly or indirectly cause other harmful effects on the atmosphere. In order to produce the oil yields essential to harvest biodiesel, supplementary land must be used for consideration. This lead to the un-occupancy of primitive tropical rainforest for the sake of monoculture plantations. Forests are one of the earth's biggest carbon sinks. Reduction of forests and compost lands for oil yields consequences in an unexpected generation of huge quantities of carbon dioxide. Furthermore, loss of biodiversity also increases due to the destruction of forest [135] .
Challenge 6: The third generation biofuel i.e. the biofuel generated from micro-algae has great a prospect in Bangladesh as huge arable land is available for cultivating micro-algae. On the other hand, the major challenge for third generation biofuel production is the higher cost. Hence, the micro-algae generation cost is very high. In open pond, the projected cost for one kilogram micro-algal biomass production that contains 30% oil is 2.95 to 3.80 USD [136] . Considering 30% bio-oil produced from micro-algal biomass, the cost of one kilogram bio-oil production can be estimated as three times than that of micro-algal biomass production. The price is higher compared to the production of vegetable oil, and palm oil which is about 0.52 USD/liter in the USA. It would be further disappointing if compared with the production of petro-diesel which is 0.66 to 0.97 USD per liter. The pollution by wild animals and bacteria is another great challenge of micro-algae production in open pond [125] .
Other Challenges: The other barricades for sustainable improvement of biofuel may be summarized as follows:
1) Conservation of biomass has been a great challenge and also the storing pricelessens the price of effectiveness.
2) Development of equipment for cleaner, uninterrupted and smoother generation.
3) Usages of by-products should be noticeably categorized. 4) Maximum of the procedures may include the usages of a biological substance, detrimental for the atmosphere and thus, green procedure of improvement with extraordinary yield has become significant challenge. 5) At present, practiced engines are not completely well-matched for bio-fuel and also oppose the permanency as well as durability of prevailing engines. Even though various investigations are being carried on biofuel production and its properties for suitable use of biofuel in the engine instead of petrol or diesel, there are some difficulties. To minimize these difficulties it is important to analyze the engine modification. Several recommendations of engine modification for utilizing biofuel successfully are given below [138] .
Research and Development
A branch of mechanical engineering is involved to improve the quality of biodiesel produced from different sources like coconut, palm, ethanol, jatropha etc. The biodiesel production and improvement of its properties are also concern of chemical engineering. The use of different catalyst, trances-verification method, formulation of property improvement are dependent on chemical engineering. Hence, it is important to improve the facilities of chemical engineering branch. The students have been utilizing different kinds of resources to generate biodiesel in Institute of Biological Science. By monitoring the numerous managements of trans-esterification procedure, waste from corn oil, palm oil, soybean oil, sunflower oil, rice bran oil, and canola oil have been effectively transformed into biodiesel. The most current research has been done on biodiesel production from microalgae [132] .
In Bangladesh, various organizations have been carrying as the need of elec-tricity and value of fossil fuels have amplified to find out an alternative as well as sustainable resolutions to these difficulties. With a view to studying the effectiveness of minor diesel engines, experiments were carried out and are being continued as a part of undergraduate and postgraduate investigation in the department of Mechanical Engineering at BUET with mustard oil [139] [140] [141] [142] .
Sustainable Solutions
At present, administration along with different private organizations is implementing various plans with the help of native and worldwide contributors. To develop this subdivision, the government should be careful about overcoming mechanical and profitable barriers, observing plans and reckless application, providing capitals, decreasing price of raw materials, mass production, increasing mass consciousness [38] .
The main difficulties of using biodiesel are higher viscosity and cetane number. Therefore, an improved biodiesel engine is one of the best solutions to accommodate the difficulties. Fuel supply systems like delivery line, filter, and pump are needed to be adjusted. Since the viscosity of biodiesel is higher, it is necessary to modify fuel injection system. Though the utilization of biodiesel gives lesser power, the exhaust emission characteristics are better than petroleum diesel [132] .
The key obstacles to normal biodiesel generation are higher generation price and energy consumption, less efficiency, and long residence time. In order to overcome those difficulties and to develop the biodiesel generation process from the environmental and financial points of view, concentrated investigations on the improvement of new, maintainable technologies are experienced. This delivers larger interface space that by eradication of mass transmission interference has been exposed to smaller reaction time and increase the productivity [143] .
There has been a growing need of new cleaner strengthening technologies for biodiesel generation. These new green procedures should be eco-friendly with smaller reaction time, lower energy consumption, and should provide superior biodiesel. For minimizing the reaction time and reducing energy consumption of biodiesel, the production and strengthening technologies are supercritical situation [144] , ultrasonic cavitation (UC), microwave (MW), static mixer and microchannel reactor [145] , and hydrodynamic cavitation (HC). Yield efficiencies [146] of the methods were found to follow the order; HC (Hydrodynamic cavitation) > MW (Microwave) > UC (Ultrasonic cavitation) > MS (Mechanical stirring).
One of the greatest problems of trans-esterification reaction is in by mass transfer that gives considerably lesser reaction rate and also greater price than diesel fuel. Strengthening technologies (MW, UC, and HC) are more suitable to overwhelm these above-mentioned difficulties. On the other hand, MW and UC, are the most suitable technologies for industrial based biodiesel generation. The use of MS and HC increases the rate of the trans-esterification process and reduces the mass transfer resistance. HC is a new method in the field of biofuel production compared to the other existing methods. It was observed that climbable HC suggests numeral advantages over other strengthening methods, in areas like energy efficiency, time-saving, higher product excellence as well as ecological, which makes biodiesel a feasible substitute fuel. Broad investigation is needed to improve HC system and develop a maintainable but technologically feasible way to regain energy from renewable oils. It can be seen that the harvest effectiveness was in the subsequent order: HC > MW > UC > MS. Renewable feedstock for biodiesel generation is sustainable, and eco-friendly [147] .
It is normally considered that decree segeneration cost of microalgae biodiesel is an important driver for its marketable viability. It is certainly probable that the molecular structure could contribute to decreasing the entire generation cost of microalgae biodiesel. For instance, depending on techno-financial data of microalgae biodiesel generation [148] , handling price comprises approximately 15% -20% of entire generation cost based on culture methods. It is assessed that eradication of these handling stages by application of molecular method could help to decrease the entire generation by 15% -20%. Based on this illustration, it is expected that the molecular methods could be an advanced knowledge that can quicken market-driven commercialization of microalgae biodiesel [149] .
Fossil fuels release CO 2 to atmosphere which recently has given rise to adverse situation. With an intention to decrease CO 2 productions and compensate the rising energy needs, a multitude of investigations has been initiated to develop renewable as well as sustainable energy capitals, which would be not only eco-friendly, but also price-efficient. Biodiesel generation from algae is more precise and price-efficient than traditional plant oils and animal fats trans-esterification. Algal biodiesel can diminish the ever-rising need of fossil fuel through the establishment of great-scale photo-bioreactors on non-drying plots that will generate a huge quantity of algal biomass. Thus, oil can be mined and later on trans-esterified [150] .
For the generation of biodiesel, the demand of economical, and substitute raw constituents are rising day by day. This is owing to the in adequate equantity of conventional raw resources in the marketplace and their higher costs. A suitable substitute raw resource which is also price efficient is utilized frying oil (UFO). The excellence of the final yield significantly depends on the excellence of raw resources. Therefore, it is essential to create a combination of raw resources to obtain an excellent yield and at the same time to reduce the prices. The generation costs of biodiesel are affected largely by the price of raw resources which goes above 80% [151] and suggests that the generation cost can be expressively dropped if the raw resources or share of it is substituted by appropriate unconventional raw resources.
The price of raw materials for the biodiesel generation can be expressively dropped by utilizing in expensive raw resources, specifically wastages. The configuration and excellence of raw materials have an uninterrupted influence on the final yield. Since, inexpensive raw materials are of low excellence, it is essential to create a blend of raw materials which will add the essential excellence of the final yield, and at the same time lowers the generation cost. Utilized frying oil (UFO) is an inexpensive and suitable alternate raw materials which, if added in an acceptable percentage, suggestively decreases generation costs as well as provides a suitable final yield excellence [152] .
Cocoa Pod Husk (CPH), and Cross Linked Enzyme Aggregate (CLEA) methods, catalyzes the trans-esterification process of Jatropha curcas oil effectively. For obtaining the optimum result with 3% (w/w) enzyme filling, the reaction period is 4 hours when oil/ethanol ratio is 1:6. To transform of free fatty acid and glycerin into biodiesel by 93%, the face centered central composite design (FCCCD) underneath response surface methodology (RSM) is utilized. The CLEA-lipase can be reused up to seven cycles. The result of this investigation revealed that the CLEA-lipase is a prospective catalyst of biodiesel generation [153] . By the calcination of eggshell at ambient condition, a catalyst is produced which is eco-friendly and recyclable. The calcined egg shells play an important role during trans-esterification of soybean and waste cooking oil (WCO). The amount of FAME (fatty acid methyl ester) obtained from the waste cooking oil is 97 wt% by trans-esterification where 5.8 wt% is the catalyst. WCO is utilized without any pretreatment during esterification which reduces the biodiesel production cost. Furthermore, the catalyst can be reprocessed for five times and it can be effectively used up to three months without any modification and reduction of its catalytic action. While utilizing the low-cost catalyst (egg shell), the reaction temperature is in ambient condition that's why the biodiesel production cost from WCO is considerably lower than other plant oil. The overall advantages of using this catalyst are that, it provides a simple process of biodiesel production which is economic and environment friendly [154] .
An effective sodium silicate solid basic catalyst was produced by utilizing rice shell as well as NaOH solution. The arranged catalysts were utilized in the trans-esterification of oils to biodiesel. Under improved reaction situations, FAME yield touched 97% after merely 30 min at 65˚C as well as 94% after 150 min (2.5 h) at chamber temperature. This sodium silicate can be reutilized four times with an outstanding management. The obtained biodiesel yield after refinement and treatment by cation-exchange resin demonstrates higher fuel characteristics similar to standard ASTM D6751 and EN 14,214 and represents that the sodium silicate catalysts resulting from low priced rice shell have greater catalytic act and can be utilized for biodiesel generation in commercial scale [155] .
Conclusion
The energy crisis in Bangladesh is one of the most important issues and hence, it is very important to mitigate the crisis by using renewable energy i.e. biofuel mainly in transportation, and power generation sector in which liquid fuels are used. The emission characteristics of biofuel compared to the conventional di-esel are better. That is why it is sustainable and worthy of use. Biofuels are free from environmental risk and greenhouse gas production. Along with these characteristics, one of the most significant properties is cost-effectiveness. If a huge amount of biofuel is produced at a time by using low-cost catalyst, the cost of production reduces greatly. The potentiality of biofuel generation in Bangladesh which is stated above is high enough to minimize the energy demand in our country. But, there are so many difficulties also to extract and utilize these energy resources which are mentioned in challenge section. Several solutions are also discussed to overcome these problems and to use the maximum potential of these energy resources to minimize the energy need.
